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Abstract 

The non-relativistic D2-brane is treated in the framework of pure spinor formalism. 
The fermionic constraints corresponding to the rescaled fermionic coordinates are given. 
Two commuting spinor fields are introduced, each one corresponding to a fermionic 
constraint. A BRST charge is constructed via the ansatz proposed by N. Berkovits in 
m-m- The nilpotency of the BRST charge leads to a set of constraints for the two 
spinor fields including pure spinor constraints. A nontrivial solution is given for one of 
the spinor fields. 
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1 Introduction 


The pure spinor formalism introduced by N. Berkovits m-ffl is a successful attempt to solve 
the longstanding problem of finding a manifestly supersymmetric and covariant superstring 
formalism. The basic ingredient is the BRST-like operator Q = f dz\ a d Q where d a is the 
fermionic constraint that appears in the conventional Green-Schwarz formalism and X a is a 
bosonic chiral spinor that plays the role of the associated “ghost”. For Q to be regarded as 
a BRST operator must be nilpotent and this leads to the relation A a X'a!gX fj = 0. This in 10 
dimensions is the condition for A" to be charactrized as a pure spinor. 

An important property of Q is that its cohomology correctly reproduces the spectrum 
of the superstring. The pure spinor formalism has been used as well for the covariant 
quantization of the superparticle [3j and also to study several aspects of string theory, for 
example the propagation of strings in curved backgrounds 0-0. 

Another important application is the calculation of scattering amplitudes within the 
framework of superstring theory ra-oa. The manifest Lorentz covariance and spacetime 
supersymmetry make the calculation much easier than in other formalisms. Thus, pure 
spinors play a crucial role within string perturbation theory. However, within the context 
of branes (D-branes, superbranes), there are almost no non-trivial solutions reported in 
the literature. In particular, the Lagrangian formalism for the supermembrane for lid 
supergravity backgrounds was constructed in [Rflj within the pure spinor framework where a 
solution to the pure spinor constraints was presented as well. 

In this paper we try to extend the pure spinor formalism to the case of the nonrela- 
tivistic IIA D2-brane. The nonrelativistic limit of string theories [15j-|16] give us a deeper 
understanding of string theories themselves. The nonrelativistic limit of Dp branes has been 
studied in na [18]. It is important to note that in this limit the kappa symmetry is main¬ 
tained and this allows us to treat nonrelativistic Dp branes in the framework of the pure 
spinor formalism. 

Here we present novel non-trivial solution for the non-relativistic D2-brane within the 
pure spinor formalism. This fact could lead to the quantization of branes with interesting 
and relevant results. 

Our starting point is the action of a IIA D2-brane in a flat lOd background. The fields 
consist of the lOd superspace coordinates (x m ,9) and an abelian gauge field A M [T9]-[2Tj: 

S = —T J d 3 a \J — det(G A , J/ + T au ) + J C™ z } (1.1) 

where T is the string tension and the Wess-Zumino action reads 

c w Z = T A d Qji2 9 _ + ^-d00 2 + d9Y nRF}; (1.2) 

Z O J. 0 


l 



G, v = Vmrr^K and here fl™ = - 0T m §,. 

BA BA - / i_ \ _ / i_ \ 

7^ = + {ev n Y m d v e) (uy + -dr m B,ej - (0r n r m <9 M 0) ( n™ + -drw j 


(1.3) 

0i = ye, 0 2 = ff 0 (i. 4 ) 

with 

V = {(one) + r n ( 0 r n r m d 0 )}r m (1.5) 

f = {{6Y m d9) - r 11 ( 0 r 11 r m d 0 )}r m (1.6) 

fi = (dx m + er m dd)r m (1.7) 

7 = l -7^da v ( 1 . 8 ) 

and m, n = 0,.., 9//x, v = 0,1, 2. 


The action (II.ID has a global supersymmetry and also a local supersymmetry (kappa 
symmetry). 

The action for the non-relativistic D2-brane is obtained from (II. ip by doing the following 
rescaling P2I-HB1: 


= 0JX» 


(1.9) 


X a = x a (1.10) 

T=-T nr (1.11) 

u 


Ai = uwi 

where the subindex NR stands for non-relativistic and = 0,1,2/a = 3, ..,9. 



where 0 + , 0_ are eigenstates of 


r* = r 0 r 1 T 2 


( 1 . 12 ) 


(1.13) 

(1.14) 
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r*0± = ±e ± (1.15) 

The action of the non-relativistic D2-brane is obtained by expanding (II.Hi in powers of 
u> and keeping the finite part as u —* oo [ 18] 


Snr — 


d 3 aC 


DBI 

NR 


+ 


r wz 

, ~NR 


(1.16) 


where 


£nr = T NR (e ijk R"R)Rt) 


0 + 7' 


,99+ 

dcr° 


+ 0 +7 1 ?t + 6 +l 


da 1 


,99+ 

da 2 


+ 




i * r u ^ jk y y 


(1.17) 


r*WZ rp 

'-'NR ~ 1 nr 
2 - 


(e + r^do + ) ( dx^ + e.r fi dd_)(dx u + e_r u de_) 


i ^ 


- (0_F i d0_)(dx l/ + -0-T v d0J) + -(0_r,„,d0_) (0+1^0+) dx v + -9JT v d9 


2 - 


--( 0 „r ofe d 0 _ 


\x a + 9 + T a d9. + 9„T a d9 + ) ( dx b + 9 + Y b d9_ + 9_Y b d9 + ) 


2 - 


-( 9 + Y a d9_ + +9„Y a d9 + ) ( dx b + -(9^Y b d9 + + 9 + Y b d9_) ) ) + 
(9 + Y fia d9_ + 9„Y fia d9 + ) ( (dx^ + d_T^dd„) ( dx a + ^(9 + Y a d9_ + 9„Y a d9 + 


(■ 


-(9JT^d9_) dx a + -(d_T a dd+ + 9 + Y a d9_) + -(d+r^Tndd. + 0_T Ai r 11 d0 + ) 

z \ o J Z 

dx 11 + -d_r^dd_) ( 0 +r n d 0 _ + 0_r n d0+) + -(0_r 6 r n d0_) (dx 6 + -(d_r 6 dd+ + 


d+™_) ( 0 +r n d 0 _ + d_r 1 id 0 + ) + (d0_r n 0+ + d 0 +r n 0 _)(/ - (d_r M r n dd+ + 


0+r M r n d0_) dx^ + -d_r^dd_ - (0_r a r n d0_) dx a + -(d_r a dd+ + d+r a dd_) 


(1.18) 


where 


R? = d t x tl - 0_F*0 i 0_ 
< = <9;x a - - 9 + T a di9_ 


(1.19) 

( 1 . 20 ) 
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i, n — 0,1, 2/a — 3,9; also 


'yO — 


7 1 = 


1 




(e ijk B°R]Rl) 


(€, it T‘RlRl' 


7 2 = 




( e ijkRiR)Rl) 


g jk = v^K 

where we have introduced the following quantities 6012 = 1 , V t w = diag(— 1 , 1 , 1 ), rj aa ' = 
diag(l,1), n,iy — 0,1, 2; a, a = 3,9; 


TDU 


( 1 . 21 ) 

( 1 . 22 ) 

(1.23) 

(1.24) 


jrf 1 ) - I + 

J IJ JlJ ~ 


(6- T ll Y ll d j 9 + + O+T-nTpdjQ-) ( + -9^3 t 9. ) - (i j) 

(Q-TnT a dj9-) K a + l -(9_r a d l 9 + + 0 +r a 3 t 9.) ) « (i j) 


(1.25) 


where fa = diWj — djWi, f = \fijda l da\ and /i, u, i,j = 0,1, 2 /a = 3,9. 

We denote by the 3-form coefficient of £ l y)f given in (11.181) . The Lagrangian 

density of the non-relativistic D2-brane is given by: 


Cnr = C ™ 1 + [££f ] 3 (1.26) 

The action (11.161) is invariant under the non-relativistic counterpart of the global and local 
supersymmetric transformations that leave the relativistic D2-brane action (II. ip invariant 

S3. 

The conjugate momenta of the variables x fl ,x a 1 9 +1 9_,Wi are given by: 

3Cnr 


P» 


3x^ 


a£ ™ + (£^(»_r„na i e + + e + r„ns ( »_) 


SRS 


u ' r 0 i 


h = 0,1, 2/i = 1, 2; 


Pa = 


3C 


NR 


3x a 

dC NR + 


3 uq 


OF 


0 i 


a = 3,.., 9; 


J + i = 


3 r C 


NR 


39 


+i 


3C NR - 

-MT (e - T >• 


3C 


NR 


3K 


(i) 


0 i 


K + le-r'-a.s.) (fLr„r„), + l(0_r 11 r,,$0_)(0_r'‘), 


(1.27) 


(1.28) 


(1.29) 
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and 


j i _ 0'X NR _ d' \C%ih _ 9 C nr ^ _ 


09. 


OO-i 


OK 


oc NR - C NR 
+ >' ■ Wp 


DUn 


o* 


-(9-T 11 r ti d i e + + 9 + r ll r lx d i 6-)(9-rK+ 


-( 0 _r 11 r o 3 i 0 _)( 0 + r°)i + /?■' + (0+rnrg, + 


< + -( 0 _rw+ + 0 +rw_)) ( 0 _r n r„), 


(1.30) 


where l = 1,32; and 


E l = 


<9£ 


7VR 


DC 


NR 


OWi QJ$ 


The fermionic constraints are given by 


(1.31) 


F +l = J +l + p a (9-T a ) l + E i 


K + -O-T^dO- ) (0_r n r^), 


--( 0 _r n r AO-^e-TK 


+ T^Ke+r^RiK 


d r 


89 


+1 


(1.32) 


where the last derivative does not include differentiation with respect to Uq, Ep\ and 


F-i = J-i + Pa(9 + r a ) l + Plx (9_r% + E i 




< + i(#_rw + + 9 + T a Oi9 (0_r n r a ), - ^(0_r 11 r /i a i 0 + + 


9 + T u r it d i 9-){9-T> t ) l - ^(9^r 11 T a d i 9-)(9 + T a ) l 


o r [^ih 

09-i 


(1.33) 


where the last derivative does not include differentiation with respect to Uq, Rq, EqP . 

We introduce now two commuting spinor fields A + ,A_ corresponding to the fermionic 
constraints F + ,F _ and we write down a BRST charge according to the ansatz proposed in 

ra-0: 
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Q= / d 2 a(X l + J +l + X l _J. l +p a (9^T a X + + 9 + T a X_)+p^9^X_) + 


E l 


R'i + u^d t e\ (0+r n r^A_ + 0_r n rv\ + ) + (< + ^(0_r a d i 0++ 


0+r 0 ^-) )(0_r n r a A_) - -(0_ r 11 r^a i 0+ + 0 + r n r^0_)(^n i A_) - 


-(0_r n r a a^_)(0 + r a A_ + 0„r a A + ) 


+ T AW e^(0 + PA + )i^2 - A 


»r r /»WZ' 
T a J 3 


90 

,9 r [£^ z 


NR }3 


dd_ 7 


)) (1-34) 


with i, j, k, p — 0,1, 2/a = 3,9. 

A set of BRST transformations is the following: 


< = A+, 
s9 l _ = A/, 
= 0_r^A_, 


sa; a = 0„T a A + + 0 + r a A_, 
.sA/ = 2(0 I/ 0_r'*A_), 
su ; = 2(9 /t 0-r a A + + 9 M 0 + r a A_), 
= 2^(A_r n r^0+ + a + rnr^e.) + 2«“(9 i 0_r 11 r a A_) -(i« j) 


(1.35) 


where again fi,v = 0,1, 2 /i,j = 1, 2/a = 3, 9/1 — 1, ..32; from which we obtain 


s 2 ^ = s 2 9’_ = 0, 
sV = A_r"A_, 
s 2 x a = 2(A_r a A+), 

g2R ‘ = ^ (5 - rA - ) ' 

= 2 ^ (A+rA - ) 

^ = 2fl?A-(A + r„nA_) + «“A_ ( 5_r n r..A_) + 
2(97_r 11 r /i 9 i 0_)(A_r M A_) + 2(9 i 0_r a 9 i 0+)(A_r 11 r a A_) + 
2(9 i 0_r 11 r a 9 i 0_)(A_r a A+) + 2(97_r^ i 0_)(A_r 11 r /i A+) 


(1.36) 


(1.37) 
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where we used the ansatz 


A_ = P-X, 

P^^l-roTO (1.38) 

The full set of constraints required for the nilpotency of the BRST charge is obtained 
by studying the equal time Poisson bracket {Q(cr),Q(cr')} where Q(a) is given in (jl.34j) . A 
basis for expanding a 32 x 32 matrix M is given in Appendix A. If we ignore the last two 
terms in (ll.34|) involving the derivatives of we obtain: 


{Q\a),Q'(a')}= I d 2 a[(d i E i )((9.Y a X + + 9 + Y a X.)(9.Y n Y a X^ + 

(0„r At A_)(0 + r 11 r M A_ + d_r 11 r / ,A + )) +4(A+r a A_)(p a - E\e_ r n r a 9^_)) + 
2(A_r M A_)(p M - E\9„Y ll Y fX d i 9 + + 9 + Y u Y ^9.)) + 4(A + r 11 r M A_)^ J Rf + 
2(A_r n r a A_)^< + 2T NR 6^ p (X + Y»X + )R"R p 2 + 2E i (~(X_Y a 9_)(d i 9_Y n Y a X + + 
d l 9 + Y n Y a x.) - (0_r 11 r /i A_)(a^_r M A + + d^e+r^x.) + (^r n r^A_) 
(A„r^+ + d_r M A + ) + (A_r a ^_)(d+r n r a A_ + 0_r n r a A + ))] + 

4 T NR e 0jk J d 2 a(9Y up X + )(d j 9_Y , 'X_)R p k , (1.39) 

where 6012 = 1 - 

The final expression for the equal time Poisson bracket {Q(cr), Q(&')} where Q(a ) is the 
full expression for the BRST charge given in (11.341) is given by: 


{Q(a),Q(a')} = j d 2 a(d i E i )[(9_Y a X + +9 + Y a X_)(9_Y 11 Y a X_) + 

{9_Y»X_)(9 + Y 11 Y p X_ + 9_Y 11 Y p X + )} + 

2 T NR e pup J d 2 aR"R p 2 (X + Y p X + ) + T NR e 0jk J da 2 R p R v k {X + Y pu X + ) + 

J d 2 a[F p (X.Y p X.) + F a (A_r a r n A_) + F ab (A_r afc A_) + 

F uabd f (X_Y uabd fX-) + F(A_r llA+ ) + F a (A_r a A + ) + 
F vh {X.Y^X + ) + K(X.Y^Y U X + ) +K abc (X.Y^X + ) +T ab (X + Y vab Y 11 X_) + 

F fg i mn (X + Y f9lmn X_) + F lmn (X.Y lmn X + )} (1.40) 

where now i — 1, 2//i, v, p — 0,1, 2/a, b, c, d, /, g, l,m,n = 3,.., 9; and the ansatz A_ = P_A 
is used. 
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The expressions for F ;i , F a , F ab , F uabdf , F, F a , F u , F ub , F uabc , F uab , F fgXm , F imn are given in 
Appendix B. These expressions are different from zero, so the following constraints guarantee 
the nilpotency of the BRST charge: 


a_t^a_ — o, A_r a r n A_ — o, 
A_T n A + = 0, A_T a A + = 0, 
X-T gabc X + 0, A-i-T^ftTn A_ 0, 


diE 1 = 0 (Gauss law), 

A + r M A + = 0, A+T Mi/ A + = 0, 

A-T ab A_ 0, X-T^bcdX^ 0, 

A-T Ata A + = 0, A_T a 1 T 11 A + = 0, 
A+T/ g / mn A_ = 0, A_T; mn A + = 0 (1-41) 


with the ansatz A_ = P_A, (i = 1, 2/p, v = 0,1, 2/a, b, c, d, /, g, l,m,n = 3,9). 


2 Solving the constraints 

In order to solve the constraints (11.4111 we use the methodology used in [22]-[23]- The Dirac 
matrices T m (m = 0,1,9) are combined into five creation operators a 1 (i = 1,5) and five 
annihilation operators a* (i = 1,5) as follows: 


a 1 = - (T 1 - i T 2 ), a 2 = - (T 3 - i T 4 ), a 3 = - (T 5 - zT 6 ), 


“ — 2 (r 7 — *r 8 ), a 5 = 2 (r 9 + r°), 

a x = ^C^ + hT 2 ), a 2 = i(T 3 + zT 4 ), a 3 = V 5 + zT 6 ), 


1 


a 4 = -A(T 7 + zT 8 ), a 5 = ^(r 9 -r°) 


( 2 . 1 ) 


The following identities hold: 


{di,a J } = %,{a*,a J } = 0, {T n ,a*} = 0, {Tn, a.,-} = 0, a* = a l \ 

with now i, j = 1,.., 5. 


( 2 . 2 ) 


Here we introduce the vacuum state | 0 > and the state < 0 | with the equations: 


cii | 0 >= 0, < 0 | a* = 0, % — 1,5. 


(2,3) 


We decompose a 32-component Dirac spinor into a sum of a positive chirality 16-component 




VI VI 


part and a negative chirality 16-component part as follows: 


| A >— ^A+ I 0 ^ T~ | 0 > +— A ^Eskimo?ci k cl a m | 0 + 

C + e l]Mm a''C a k a l a rn | 0 > +^A' u ej jWm aVa m | 0 > +A-a* | 0 >^j = 

(1 + 10 + 5) + (1 + 10 + 5), 


(2.4) 


where \j = — Ajj, A'* J = — A ,J *. 

Let us try to solve from (11.41(1 the constraints A+r^A-i = 0 and A + T MI/ A + = 0 (where 

V,v = 0 , 1 , 2 ). 

ft is interesting to note that A + can be written as a sum of two pure spinors Ai+ = 
P + A + and A2+ = P~ A + where P± = |(1 ± ToTi^) and the constraints A + r^A + = 0 , 
T fll/ X + = 0, (/i, u — 0,1, 2) can be expressed equivalently as two pure spinor constraints: 

f r m A 1+ = 0 ,A 2 + r m A 2+ = 0, (m = 0,..., 9 ). 


The constraints A + T M A + = 0 can be written as follows: 

<c A_|_ | Ccl\ | A + >= 0, 

< A+ | Ca 1 | A+ >= 0, 

< A+ | Ca 5 | A+ >=< A + | Ca 5 | A + > . (2.5) 


Let us suppose that | A + > is chiral: 


A+ >— A ++ | 0 > +— A+ijCL-ia 7 | 0 > -\-—X’_y_eijki m a^a k <J'a m | 0 >, 


then we obtain 


<C A+ | Cd | A+ V 2 ^A h —|-A_^_ T g Cijkl A+ij, 


A -\-Co | A+ V 2 ^A_|—fA_|_ T ^bijkl^+ij^+lk j , 

< A + | Co\ | A + >= 2A^A +i i, 

< A + | Ca 5 | A + >= 2ALA + j5 , 


( 2 . 6 ) 


(2.7) 


where now 612345 = 1. 


The constraints A + T m; ,A + = 

0, (/i, v — 0,1, 2) can 

be expressed as: 


< A+ | 

C(a 5 — cl §}(^ q } -\- dx) 

o' 

A 

+ 

V 


< A+ | 

C 

0 " 

A 

+ 

V 


< A+ | 

C(a 5 — a 5 )(a 1 — ai) 

V 
+ 

V 

0 

(2.8) 
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These expressions are identically zero for | A+ > chiral, so from (12.5p and (12.7p we get 


Ai = 




8 A++ 
1 


^lijkl A+jj A -\-kl , 


'++ 


(^-|-^+*5 T ^bijkl^+ij A+fci); 


A^A+ji — 0. 


(2.9) 


For the general case we can write 

| A+ >= A ++ | 0 > +— \+ija?a 1 | 0 > +—X I + eijkimtt : ’cL k a l a m | 0 > + 
A+jCZ* | 0 > +—A JeijikmO- 1 a k a m | 0 > y++€ijkim ai Q? o fc a 1 a m | 0 > . 

Tims we have the following relations: 

< A + | Ca 1 | A + >= 2 ^A ++ A;)_ + -eujkiX+ijX+a^j — dA+jA^ 1 = 0, 




< A + | Ca i | A + >— 2A ! A +il — 2A , +1 A , ++ + £iiji'j'A + ' , A + J — 0, 


( 2 . 10 ) 

( 2 . 11 ) 

( 2 . 12 ) 


< A + | Ca | A_|_ —< A + | Ca 5 | A+ =4 > 

2(A++A^_ + -65 ijki\ + ij\ + ik) — 4A' +i A| J = 2A^A + j5 — 2A( | _ 5 A , ++ + f.-„/,' ; 'A ,' ; A. (2.13) 

o 

On the other hand the constraints X + T^ W X + = 0 can be rewritten as follows: 

— < A_|_ | C^aici 1 — a 1 ai) | A + >= 

— A ++ A' ++ + 4A +il A? - X +i jX' ij + X\X' +i - 2A^A' +1 = 0, 

< A + | C(a 5 — a 5 )a 1 | A + >= 

4A++A + 1 + dA^A+js + 2A / + 5 A^ — X + ij X' +i , = 0, 

- < A+ | C(a 5 — 05)01 | A + >= 

—2A_(_iiA_^ 5 + A +5 iA' ++ + A+A^ — (ijkirjX^ X+ = 0. (2-14) 
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From fl2.lip - 02.14p we obtain 


X 5 - 

A+ “ A 


++ 


A+ — X (2A_|_,A + T 0 e l ijkl^+ij^+kl) 1 
A++ 8 

A+i = —TJ —(2A* + A + ji + Cl ijklX+X+ l ), 

ZA ++ 

A+A + j5 — A^gA^ + 2X' +i X+ + -e 5i jki\^\+ l + -e^ijid^+ij^+ki) j 




A'i 1 = 


1 


4A 


++ 


-(;—4A^ 1 A_|_i5 — 2A , +5 A 1 ( _ + 6i5ijk\+ij\' +k ), 


A+5i — T7—(2A+*i A| 5 — A 3 A+i + eisijkX lj X k + ), 
A++ 


A ++ - A 


(4A +il A+ - \+ij\+ + X l + X' +i - 2X\\' +1 ). (2.15) 


++ 


Now from 01.411) we deal with the following constraints: 

a_fw_ = o, A_FT n A_ = o, A_r a6 A_ = o, \_r lMbcd \_ = o, ( 2 . 16 ) 

where /i = 0,1,2 /a,b,c,d = 3, ..,9 with A_ = P_A (P_ is given in 01.38P ). Thus, we can 
write 

P_ — ^[1 + i(a 5 — a 5 )(aia 1 — a 1 ai)]. (2-17) 

We have that P^C = CP where C is the charge conjugation matrix. So for example 
the constraints A_T M A_ = 0 can be rewritten as follows: 


< A | CP_a l P _ | A >= 0, 

< A | CP-diP- | A >= 0, 

< A | (7P_a 5 P_ | A >=< A | CP_a 5 P_ | A > . (2.18) 

The solution of the constraints in (j2.16[) is the trivial one. This can be shown as follows. 
Let us consider the following 16 constraints: 


), A_T 13689 A_ = 0 

= 0, A_T 14689 A_ = 0 
0,A_T 23689 A_ = 0, 

J A_ = 0, A„T 24689 A_ = 0. (2.19) 

which can be rewritten as: 

< A | Ca 4 ((a 5 + a 5 ) — z(a 5 a 5 — a 5 a 5 ))a 2 a 3 a 4 | A >= 

— (A +) 2 + (A 5) 2 + 2 i(A + A' 5 ) = 0 ( 2 . 20 ) 


Lt 13579 a_ = 

= 0, 

A_r 13589 A_ = 

= 0, 

a_t 13679 a_ 

a_t 14579 a_ 

= 0, 

a_t 14679 a_ 

= 0, 

a_t 14589 > 

a_t 23579 a_ 

= 0, 

a_t 23589 a_ 

= 0, 

a„t 23679 a_ 

a_t 24579 a_ 

= 0, 

a_t 24589 a_ 

= 0, 

a_t 24679 a 
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< A | Ca 1 ((o 5 + a 5 ) — i(a 5 a 5 — a 5 a 5 ))a 2 a 3 a 4 | A >= 

— (A 45) 2 + (A 4) 2 — 2i(A 4 A 4 s) — 0 (2-21) 

< A | Ca 1 ((o 5 + a 5 ) — i(a 5 a 5 — a 5 a 5 ))a 2 a 3 a 4 | A >= 

-(A 35 ) 2 + (A3) 2 - 2i(A'A 35 ) = 0 (2.22) 

< A | Ca 1 ((a 5 + 05 ) — i{a^a 5 — a 5 ct 5 ))a 2 a 3 a 4 | A >= 

-(A 52) 2 + (A ') 2 - 2 i(A'A 52 ) = 0 (2.23) 

<c A | Ccl ((a 5 A - 05 ) — — Q 3 (i 5 ))o fl 3 o 4 | A >— 

—(A 34 ) 2 + 4(A ' 12 ) 2 - 4*(A 34 A' 12 ) = 0 (2.24) 

< A | Ca 1 ((a 5 + a 5 ) — i(a 5 a 5 — a 5 a 5 ))a 2 a 3 a 4 | A >= 

-(A 42 ) 2 + 4(A ' 13 ) 2 - 4i(A 42 A' 13 ) = 0 (2.25) 

< A | Ca 1 ((o 5 + 05 ) — i{a^a 5 — a 5 as))a 2 a 3 a 4 | A >= 

-(A 23 ) 2 + 4(A ' 14 ) 2 - 4*(A 23 A' 14 ) = 0 (2.26) 

< A | Ca 1 ((o 5 + as) — i{a^a 5 — a 5 as))a 2 a 3 a 4 | A >= 

-(A 1 ) 2 + 4(A ' 15 ) 2 - 4i(A 1 A' 15 ) = 0 (2.27) 

< A | Cai((a 5 + a 5 ) — i(a 5 a 5 — a 5 a 5 ))a 2 a 3 a 4 | A >= 

— (A 15) 2 + (A 4 ) 2 + 2 i(A 4 Ai 5 ) = 0 (2.28) 

<C A | Cai((a 5 05 ) — i(a 5 a 5 — ct 3 Q 5 ))ct g 3 g 4 | A >— 

—(A 44 ) 2 + 4(A ' 23 ) 2 + 4i(Ai 4 A' 23 ) = 0 (2.29) 

< A | Cai((a 5 + a 5 ) — i(a 5 a 5 — a 5 a 5 ))a 2 a 3 a 4 | A >= 

-(A 13 ) 2 + 4(A ' 24 ) 2 - 4*(A 13 A' 24 ) = 0 (2.30) 

< A | Cai((a 5 + 05 ) — i{a^a 5 — a 5 as))a 2 a 3 a 4 | A >= 

— (A 42 ) 2 + 4(A ' 34 ) 2 + 4i(A 12 A' 34 ) = 0 (2.31) 
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(2.32) 


< A | Cai((a 5 + a 5 ) — i(a 5 a 5 — a 5 a 5 ))a 2 a 3 a 4 | A >= 

-(A 2 ) 2 + 4(A' 52 ) 2 -4z(A 2 A' 52 ) = 0 

< A | Cai((a 5 + as) — i(a 5 a 5 — a 5 a 5 ))a 2 a 3 a 4 | A >= 

-(A 3 ) 2 + 4(A ' 53 ) 2 + 4i(A 3 A' 53 ) = 0 (2.33) 

< A | Ca 1 ((a 5 + a 5 ) — i(a 5 a 5 — a 5 a 5 ))a 2 a 3 a 4 | A >= 

-(A 4 ) 2 + 4(A ' 45 ) 2 + 4*(A 4 A' 45 ) = 0 (2.34) 

< A | Ca 4 ((a 5 + 05 ) — — a 5 a 5 ))a 2 Ci 3 a 4 | A >= 

— (A 5 ) 2 + (A ' + ) 2 — 2i(A 5 A' + ) = 0 (2.35) 

and the expression for | A > is given in (12. 4[) . We follow the claim made in [ 22 ]— [23] that 
a chiral spinor can be chosen to be real and assume that | A > is real. Then the relations 
fl2.20n - fl2.35j> imply that all the components of | A > are zero as a solution to the constraints 
( 12. 16(1 . It is interesting to note that A_ corresponds to 6 _ which is a gauge degree of freedom 
as pointed out in HU- 

3 Conclusions 

In this paper we treated the non-relativistic IIA D2 brane in the framework of the pure 
spinor formalism [24]. We derived the fermionic constraints corresponding to the rescaled 
fermionic coordinates. We introduced two commuting spinor fields each one corresponding 
to a fermionic coordinate. The nilpotency of the BRST charge leads to a set of constraints 
for the two spinor fields including pure spinor constraints. Nontrivial solutions are found 
for the spinor field A + which corresponds to the fermionic coordinate 9 + . It is interesting to 
note that the solution for the spinor field A_ corresponding to 6 L which, according to the 
proof given in pa constitutes a gauge degree of freedom, is the trivial one. Thus, we can set 
9— = 0 without loss of generality. This study can be performed for more general manifolds 
and for 11 dimensions as well. We would like to finally mention that the treatment of the 
relativistic Dp-brane in the framework of pure spinor formalism has been reported in [25]. 
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4 Appendix A 

For the matrices T m (m = 0, ..,9) we use the Majorana representation (r° is real antisym¬ 
metric, r ? {i = 1,9) are real symmetric) 


{pm, r nj = 2r/ 


rein 


(4.1) 


where rj mn = diag(— 1,1,.., 1) and m, n — 0,.., 9; and 



(4.2) 



with A<B<C<D<E. 


For the differential form dd we use the convention given in (T9] : 


d6 = do^dpfl = —d^dda^ . 


(4.4) 


The following identities hold for A_ = P_A: 



(4.5) 


14 


b- loo 


5 Appendix B 


F a = 2 [p^ - E\9.Y ll Y ll d i e + + 0+r 11 r /1 3 i 0_)] + 2T NR e 0jk [-2{e + Y liV d j e + )Rl + 

(e+r^djO- + e.r a ^d j e + )ut] + ^e 0jk [(e.r'd k e.)(-89(e + r tlw d j e + ) + 

yo 

22 (9 + d,9 + y %lu ) + (0 + r I, a fc 0+)(83(0_r #w/ 6!,-0_) + 6(9.8^)^) - 2(9.T a d k 9 + + 
0 + r°3 fc 0_)(47(0 + r^a,-0_) + 23(0_r /ia 0 i 0+)) - 5 ( 0 + r M r^ 0 _)( 40 + r- 0 _) - 
i(5 fc 0 + r°0_)(37(a,-0_r^ + ) - 66(c^ + rv?_)) - (d,-0_r“0 + ) 
(2i(a fc 0+r^0_) - 2 (d fc 0 _r Ma 0 + )) - 2(0+r n a0_ + 9_r u d9 + ) 
{25(9 + T u T f ,d j 9.) + 31(9-r 11 r il d j 9 + )) + 2(0_r 11 P'0 fc 0 + + 9 + T 11 T I 'd k 9.) 

( 0 +r 11 r #t r I/ a j 0 _ + 2 ( 0 _r 11 a j 0 +)^) - (^0_r 11 r^_)(64(a fc 0 + r n 0_) - 
ii(a fe 0 + r n r^0_) + 46(d fc 0_r 11 0 + ) v , - 2 (d fc 0 _r 11 r i ,r M 0 + )) + (9_r u r u d k 9 + ) 
(9(0_r 11 r I/ r /i 0+) + 34(0„r n ^0 + )^ + 23{9 + v ll d j 9_)r lllv ) - 7(^0_r n r a 0_) 
(a fe 0 + r n r Ma 0 + ) + 5(a fc 0 + r 11 r-r /i 0 + )(0_r i/a r 11 a i 0_) + (^r-rnr^) 
( 40 +r I/a r 11 0 + ) - (d k 9 + T u r a 9 + )(d j 9_r 11 T lia 9_) + (0 + r m ^0_)(0_r-r /i a fc 0 + )] ( 5 . 1 ) 

F a = -2 E t u\ + 2T JVfl eo J - fc (0+r 11 6(,-0_ + 9„T u d,9 + )u ak + ^6o ife [-^(0 + r 6 ^0_) 
(io(0_r a6 r 11 a fc 0+) - (0+r a6 r 11 a fc 0_) + 3(d k 9.r u 9 + )ri ab + A3{d k £ + v ll 9.)r ]ab ) + 
^(0_r^0 + )(-8(a fc 0 + r a6 rn0_) + i2(0_r 11 a fc 0+)i7 a6 - (e + T n d k 9.) Vab ) + 

(9 + r> t d k e + )(d j e.r fM r u 9.) + ^(e + r n r li d k 6-)(5(d j e + r IM 6-) - e^r^)) - 

-^(d,9~T u T b 9-)(l3(d k 9 + r ab 9 + ) + 3(9 + d k 9 + ) Vab ) - ^(d,9^T abc 9 + ) 

(2(d k 9 + r bc r 11 9_) + a fc 0_r 6c r 11 0+) + ^d j e.T^e + ){^(d k e.r ltab r 11 e + ) 

-6(d k 9 + r u r„ ab 9_) + 9(9_T u T^ k 9 + )r) ab + (^rur^.)^) - ^(0_r^-0_) 

- 3 - - 117 - - 

(9+r f , a r 11 d k 9 + ) + -( 9+r^ b r 11 d k 9 + )(d j 9.r fiab 9 _) + — (0_^0_)(0 + r n r a a fc 0 + ) + 

o 04 

137 — — 1 — — 1 — 

— (9_T ab d j 9_)(9 + T 11 r b d k 9 + ) + -(0_r^ i 0 + )(a fc 0_r 11 r Mab 0 + ) - —(0_r n r^-0_) 
o4 lo Id 

(^0+^0+) - ^(9^T bc d k 9^(9 + T abc Tnd,9 + )} (5.2) 
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T — 14 _ 

F a b = T NR e 0 jkU a jUbk H— Y^ e ojk[{9 + T d dj9_)(— — (d k 9 FT ab Y d 9 + ) + 

14 - 35 _ 15 _ 16 - 

-7r(d k 9^Y d Y ab 9 + ) + — {d k 9+Y ab Y d 9 J) — —(d^+YfjYa^J) + — (9 +Y b d k 9 -)r] ad + 

3 6 2 3 

32 - 1 - - - 

—(e_r b d k e + ) Vad ) + -(e^r d d j e + )(7(d k e + T d T ab e.) + 35(d k e + r ab r d e.) + 

4(d k e.r d r ab e4 - 33(d k o_r ab r d 9 + ) - 32 (e.r a d k e + )r) bd ) + \{e.Y ll v^d k e + ) 

6 

(-A(d,9 + Y u Y, iab 9.) + 37(^_r n r Ma ^_)) + ^(9 + Y^ d Y n d k 9 + )(d J 9^Y 11 Y fid Y ab 9_) + 

25 - - 77 - - 

— (d j 9JY^ d 9 + ){d k 9 + Y^ d Y ab 9.) - -(9 + T d T 11 d k 9 + )(d j 9.T n r d T ab 9.) - 

35 - - 45 - - 37 - 

—(d j e.r u e + )(d k e + r 11 r ab e.) - —(e.r ab d j e.)(e + d k e + ) + -(9 + m k 9 + ) 

(d j e.r ltab 9.) + l(0_r 11 r d a^_)(5(^ + r n r ab r^ + ) + 39(d k 9 + r d r ab r u 9 + )) - 
3(9_Y 11 d k 9 + )(d j 9_Y 11 Y ab 9 + ) + (9^%9 + )(d k 9_Y ab Y, d 9 + ) - (9_Y df d k 9_) 
(0 + r d r af ,r^ + ) - l(0 + r 11 r^^_)(^ + r 11 r /ia6 0_) - l -(9_d,9_)(d k £ + Y ab 9 + ) - 

^(e-r u T^d j e-)(d k e + r n T ltab r d e + ) +1( d k 9 + r df r u 9^)(d j 9.r 11 r d r ab r f 9 + ) - 

4(0_r^-0_)(0 fc 0 + r^0 + )] ( 5 . 3 ) 


f = 2T NR e 0jk - l((0_r^^_)(0 + r M r n a^_ + ^_r /i r 11 a^ + ) + 

(0_rT n a,-0_)(0_r a 0*0 + + M\A0_))] (5.4) 


n = -t&Rvi + 4Woifc^fc(0+ri 1 a i 0_ + 0-r n «9^ + ) + ±-T NR e 0jk [-(9_r ^9+) 

4o 

(i6(a fc 0_r n r a 0_)^ - 5(d k 9-r lxl/a r ll 9-)) - i2(^r n rL)(0 + r ra 9 3 0_) - 
(0_r'*6(,-0_)(-37(a fc 0 + r^r 11 0_) + 4i(0*0+r 11 0_)77 #H , + i8(4^r n 0 + )^) + 
(^_r m r^_)(-5(^ + r fe r“r n 0_) + 2(^_r fe r“r n 0 + )) - (£_r^_) 
(7(0_r mb r n a^ + ) + 2(£ + r i , ab r 11 d i 0_)) + (a^ + r 11 r^_)(7o(0_a^_)r 7/i!/ + 
59(a fc 0_r /w/ 0_)) + (a i 0_r I/a r 11 0_)(49(0_r a a fc 0 + ) + 24(0 + r a d fc 0_)) - 

5(a^ + r^r^_)(0_r 11 r /ia a^_)] ( 5 . 5 ) 


16 



Fa = 4 (p a - E i (9.Y 11 Y a d i 9.)) - 2T NR e 0jk [(9.Y ,, a d k 9 + + 9 + Y^ ia d k 9.)R^ 

9.v ab d k e.)u b ] + ^T NR e 0jk [^(e.r^d j e-)(25(d k e + r IM e-) + i%d k e_v t _ ia e + )) + 
l( 0 -d 3 0 _)( 2 i(d k 0 + r a 0 _) + 9(d k 9.r a 9 + )) - ±{d j e-r ll j)-)(5(e-V*d k e + ) - 
2(9 + r» b d k 9^)) + ^(i 9.r ab d k 9.)(7(9.r b dj9 + ) + i2(0+r 6 a,-0-)) + ^(a,-0_ r n r^_) 
(3(4^-r n r^ + ) + io( 40 + r n r^_)) + ^(0_r a r n a^_)(29(0 + r n a^_) + 
2 o( 0 _r n 0 * 0 +)) + ^(0_r 11 r 6 ^_)(2(0+r 11 r o6 9 j 0_) - 0 _r n r aft c^ + ) + 
^(d j 9^T 11 T abc 9^)(9 + T 11 T bc d k 9^ - 5(9.r u r bc d k 9 + )) + ^(0_r 6c a^_) 
(7(«9 fc 0 + r 

afec^- ) + 2(<9fc$_r 

a6c^+)) ^(a fc 0+r 11 r^0_)(0_r 11 r^6i,-0_)] (5.6) 

= 4 T N Reoj k RvjU ak + —T NR e 0 j k [(9^Y^dj9 + )(37(9^Y a d k 9 + )r] flu + 

4o 

34(9 + T a d k 9-) V , u - 5(0_r Mi/a a fe 0 + ) + 6(9 + r, ua d k 9_)) + (0_r n r 6 o|,-0_) 
(5(d k e + r n r u ( Vab + r ba )9.) - 2(d k 9.Y 11 Y uba 9 + )) - (e.r b d k 9 + ) 

(-i9(d j e.r vba 9.) + 9(dj9 u 9 _)r] a b) + (d.r b ^r 11 d j e.)(d k e + r fl r 11 r va r b e.) + 
5(0_r /i r 11 a fc 0 + )(^0_r M r 11 r l/a 0_) - ( 0 _r bc r 11 a fc 0 + )(a/_r 11 r ;/a&c 0 _) + 
(a fc 0 + r 6 ^_)(a i 0_r /i r m r ft 0_) - 5(0_r n d fc 0 + )(0_r, a r n d i 0_) - 22(0 + r b c^_) 
( 0 _r, &a a fc 0 _) + 2(9 + r u r»d k 9-)(-d j 6-r 11 r l a Ua 9- + 2 (^_r n r a 0 _)^) + 
2(d k 9.r b ^9 + )(2(d j 9.r t a U 9_)ri ab + - 2(^0_r 6a 0_)^ - 

(dje-9-) Vlu/Vab ) - 2(d j e-r 11 9+)(d k e-r 11 r va 9-) + (d k 9^r bc 9.) 

(d j d.r vabc 9 + - 2(d j 9 + Y uabc 9_))} (5.7) 


F vab = ^T NR 6 0jk [(d k 9_r»r 11 r uab r d 9_)(4(d j 9_r dtl 9 + ) - a,-0 + rv_) - 
6(d k 9-r d 9 + )(d 3 9_(r d r™ b + 3r- b r d )r n 0_) + 3(9_r d d k 9 + ) 
{d j e-{r d r vab + 6P' a6 r d )r 11 0_) + (d k d + r dc r n e-)(d j e-r d r , ' ab r c d-) - 
3(d k 9 + r n 9-)(d j 9-r™ b 9-) + 3(d j 9-r»9-)(d k 9 + r^ u r™ b 9^ - 
(6-Y cd d j d-)(d k 6+r c Y 11 r uab Y d 0-) + (9-Y d ,Y ll d ] 9-)(d k '9 + Y^Y vab Y d 9_) + 
3(9.Y^Y 11 d k 9 + )(d j 9.Y^ ab 9.) + 3(9.d j 9.)(d k 9 + Y ll Y^ b 9.) - 

3(9-Y u Y d d J 9-)(9~Y" ab Y d d k 9-)} (5.8) 
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F lmn = ^neojki—ie+^dke^ie.T^r^ + e.r d r lmn dje.) - 

^(d.r d d k e + )(5(d.r lmn r d djd.) + e(£_ r d r lmn d^)) + ^(e.r^e.) 

(dkd+r^o-) + ^( 0 _r Md a^ + )( 0 _r d r^a^_) + ^(^ + r n r^_) 

(d^_r n r^_) - ^{e-T 11 r d d k e-){e-r n r lmnd d j e + ) + ^(e.r 11 d k e + ) 

(e.r lmn r udj 9.) - ^(d k e + r*r 11 9-)(d j d-r 11 r d r lmn r f 9-) + -L(0 i 0_r*r 11 0+) 

(^J-rnr^r^.) - ^(0_r 11 r , a fc 0_)(0_r 11 r mn a i 0 + -4(0+r 11 r mn a i 0_)) - 

^((0_r 11 r^65 7 -0_)(a fc 0+r 11 r im ”r^0_) + (0_r d/ a^_)(a fc 0 + r d r^r^_) + 

( 0 _a/_)( 40 +r lmn 0 _)) - ^(0_r d ^/_)(0 + r d r^r /( 9 fc 0_)] - 

96 x 4 ! x 5 ! ^g[-5(^-a^-)(^ + r 11 r-.-) + 3(a,-0_iyL) 
(0_ri 1 r Atabcd 4^+) + (d j e.T ll T f e.)(7(e-T abcd T f d k e + ) - 2(0+(r afecd r / + 
YfT abcd )d k e.)) - (<9 fc 0 + r / 0_)(0_r a6cd r n r / (9 i 0_ + e^r^^rno^)) - 
8(d k 9_r f 6 + )(9_(r abcd r f + r^r a6cd )r n a^_) + (6_r lxf d j 9 + )(d k e_r ll r abcd r» f 9_ + 
2 (a fc 0 _r /i/ r a6cd r 11 0 _)) - (0_r 11 r M/ 6' i 0_)(a fc 0 + r a6cd r' t/ 0_ + 2(d k 9 + r» f r abcd 9 _)) + 
(a^_r^r a6cd r e 0 _)(^ + r /e r n 0 _ + 2 ( 0 fc 0 _r /e r n 0 + )) - 5(0_r a6cd c^_) 
( 0 _r n 0 fc 0 +) - ( 0 _r e/ d fc 0 _)( 0 _rT aftcd r / 6 »- 0 + + 2 ( 0 +rT abcd r / r n c> i 0 -)) + 

3(d J 9^ abcd 9-)(d k 9 + r u r,9-)} (5.9) 


^m6c — 7^2 n /v^eo : ,fc[(0~r M (9j6 l _)(3(6 , _r /iI , a f )C (9fc6 l + ) — 23(9^T a b c d k 9 + )r] f j, u ) + 

ZOO 

(0_r d a^ + )(5(^_r ;/a 6 c(i 4^) + Ho_r ubc d k 9_)ri ad ) - 24(0 + r a d j 0_) 

+ (e.r 11 r li d k d + )(-3(e.r 11 r abc d j d.) VtUf + 5(d/_r n r Mi , a6c 0_)) + 
(6-r u r d d j 6-)(e-r 11 r vabc r d d k o + - A(e.r d r vabc r u d k 9 + ) + 
i2(0+r I/ 6 c r 11 a fc 0_)77 ad ) + (9-V^ d d k 9 + ){d 3 F.Y^ vabc Y d 9^ - 4(a j 0_r d r I/a 6 c r^0_)) - 

(0_r d/ a fc 0_)(0_r d r l/aftc r / a^+ + 2(£+r c?r i/a5c r/c^_)) + (d fc 0 _r rf r n r mbc r/ 0 -) 

(3(^0 + r^r n 0_) + 2 (a/_r d/ r n 0 + )) + 5(a^ + r 11 0_)(^_r 11 r i/a 6 c 0_) + 

3(0_r n r^0_)(d fc 0 + r^r n r isabc r 0_) — 3(0_d,-0_)(dfc0 + r t'a&c #-)] (5-10) 
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F uabd f = 1: T NR e 0jk [6(e_T c d j e + )(e_r^ bd fr c d k e + - 9_r c r^ bd fd k 9 + ) - 
2(6_r 11 r^d k e + )(d j e + r n r»r' abdf 6- + a^+r n r^r^_) - 2{e.v 11 Y pa d k 9 + ) 
(d j 9 + T 11 T p T vabdf r T 9-) + 2{9_T c d j 9+)(d k 9-T l ' adf T c 9 + + d k 9^T c T uabdf 9 + ) + 
3(e + r c d j d-)(-2(d k e + r' abd fr c d-) + e.r^ bd fr c d k e + ) -A{e.v 11 Y tl d k 9 + ) 
(d j 9.T 11 m uabdf 9 + ) + (9 + TnT lx d k 9-)(d j 9 + T 11 m uabdf 9- - 
2(d j 9 + r 11 r' abdf r»9 _)) - 2 (a j 0 _r^_)(^ + r /i r a6d/ 0 + ) + 2(d k 9 + r lxc 9 _) 
(fl+rT^r^-) + 2(0_rT n <9 i 0_)(c>^+riir I/aM/ r c 0 + - 

2 (^ + r n r c r- bd ^ + )) + 2 ( 40 + r n 0 _)( 0 + r n r^a^_) + ( 0 + 1 ^ 0 +) 
(6(<9 i 0_r At r !yaM/ 0_) + 5(a i 0_r i/af,d/ r M 0_)) + 7(9 + r ll(T d k 9 + ){d^_v ,j v vabdf v ti 9_) - 
3(9 + T^9^(d k 9 + TT^ bd ^9_) - 4(9 + T u d J 9_)(d k 9 + r u r^9_) + 
(d k 9 + r lxc T u 9 + )(d j 9-T c r u r , ' abdf r' M 9-) + (0 fc 0 + rvrv0 + ) 
(d^r^r^r^) + ^ + v 11 v (J v il d j 9-){d k 9^v a v 11 v vabdf v li 9J) - 
0 d k 9 + r 11 r c 9 + )(d j 9.r 11 r c r l ' abdf 9 _) + 2(0_r ce a fe 0_)(0 + rT l/aftd/ r e a i 0 + ) - 
^e csea6d/ ^r 1 ^[-36(0_r^^ + )(a fc 0 + r^r 11 0_) + 2 ( 0 _ra,- 0 +) 
(0 fc 0_r n r ,/,ror T r 0 + + a fc 0_r n r r r ,/ * mn 0 + ) + 3(0 + r r 6>-0_) 
(a fc 0+r r r ,,,mn r 11 0_ + 2(d fc 0 + r n r^™r r 0_)) - A(9_v ll T,d k 9 + ) 
(d j 9~m ulmn 9 + ) - ( 0 + r n r /i a fc 0 _)( 2 (o' i 0 + r^ mn r /i 0 _) + d j 6+r ,t r ,lmn d-) + 

2(9_r»d j 9_)(d k 9 + r ll T lx r ulmn 9 + ) - 2(d k 9 + T r ^9_)(9 + T r r' lmn T 11 T> x d j 9 _) + 
2 ( 0 _rT 11 a j 0 _)(- 2 (a fc 0 +r r r ,mn 0 + ) + d^+r^r^) + 2(0 fc 0+r n 0_) 
(0 + r^^-0_) + 6 ( 0 + r a/i 40 + )(a^_r' i r^r 11 r^_) - (3 fc 0+0+) 
(^■0_r^ mn r n 0_) + ( 40 + r /tr r 11 0 + )(a i 0 _rT^r^_) + (c^rur^) 
(4^+r^r" Zmn r CT 0_) + 3(d j 9.T ll 9 + )(d k 9 + T vlmn 9 _) + (^0+rnr r 0 + ) 
(^■0_r r :r' mn 0_) + 3(0 + r rCT a j 0_)(a fe 0 + rT^ mn ri 1 r <T 0_) + (0+r^ fc 0+) 

(6(^-0_r /i r^r 11 0_) + 5(d/_r^r n ry?_)) + 2(0_r rs d fe 0_) 

^ rrr ta» riiP ^ + )] ( 5 .n) 
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F fglmn gg —^t N r£< Oj -fc[3(0-r^0_)(-5(0_r fifglmn^k^ +) H“ 
4(^+r ($—T <9j$-|_) (17(0_r fglmrJ-'a,dk@—) 22(0_Y'fglmn^k^—)) 

4(^ + r a a^_)(0_r /9Zmn r a a^_ - 5(0_r a r /fl{mn 0*0_)) + 9(0_rnrw + ) 
(<¥-r n r 

\ifglmn e.) + i 2 (e + r 11 r ti d k e.)(d j e.r 

fifglmn^ 11 $_) + (a^_r n r a 0 _) 

(-4((9 fc 0+riir /(^mriT a 0-) + i3(a fc 0 + r n r aT fglmn 9-) + 6 (a fc 0 _r n r aT fglmn@-\- ) + 
2 ( 40 _r n r /g ; mn r a 0 + )) - (^_r 11 rT /g;mn r^_)(4(^_r b r a r 11 0 + ) + 
3(a,-0 + r 6 r a r n 0_)) + 3(0_r b r a a^_)(^ + r ft r /fl;mn r^_) + 2(0_r ab d fc 0_) 
( 0 _r o r /s , TOn r 6 a,- 0 + + 0+r a r^g/ mn r;,<9g0_) — 6(6-Tndk9 + )(dj6 -TuT f g i mn 6-) + 
i 2 (d, 9 „r u 9 + )(d k 9 „r u r fglmn 9 _) - 3 (d k e + r u r fglrnn r^ 9 ..)( 6 -r u r fM d j 6 -) - 
(0_r^0+)(4(c>,-0_r 

fglmn@— ) ^ f glmn T/xa^— ) - 2(0+1^40-) 


192 x ^ ^fgimnCKM^cdge.) + 2i(0_r c a^ + ))(0_r abc r n a fc 0_) + 
8(7(0 + r°a,-0_) + 3 (0_r o a,-0 + ))(0_r 6 rn0 fc 0_) - (0_r M ^0_) 
(i 2 ( 0 + r^r n a fc 0 _) + n(0_r 11 p ia6 3 fc 0 + )) + 8 ( 0 _r M r b r n ^ 0 -)( 0 + r^ 0 _ + 
^_r^ a o> fc 6>+) + (^+r /iC 0 _)(a i 0 _r^ b T 11 0 _ + 2(9^ b r u d j e_) v ac ) + 
( 0 _r n r c a fc 0 _)(- 8 ( 0 + r a 6 c a^_) + 3(0_r abc a^ + )) + (e.r^djO.) 
(i2(9 + T u r,d k e.) - i7(0_r 11 r /i a fc 0 + )) - 4(a^_r cd r n 0 + )(^_r c r a6 r^_) + 

(a^ + r cd r n 0_)(2(^_r cd r“^_) - i 7 ( 0 _d fc 0 _)T/V d ) + (0_r cd d fc 0_) 

(ll(^ + r n 0_)77 a V d + 2(-d j e + T cd T ab T u 6- + 9-T c T ab T d T 11 d j 9 + - 
Q + Y c r ab r d r n dj6 _)) + 3(0_r Atc r 11 <9^_)(<9j+r /ia6c 0„ + 2(40 + rt_)7f c )] 


(5.12) 
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